The grounding system of the ultra-high voltage substation is of great significance in safe operation of the substation. The grounding resistance value of the grounding system of the ultra-high voltage substation in the basic plan is far more than the allowable value. The paper analyzes the common resistance reduction measures, considers the safety and the practicability according to the actual situations of the substation and puts forwards the following several possible resistance reduction measures of exterior-leading grounding, oblique grounding and vertical grounding, deep well grounding, blasting grounding and so on. The analysis result shows that the grounding resistance value can be reduced to the allowable range.
INTRODUCTION
Before the design of the grounding system of Fuzhou ultra-high voltage substation, mainly consider the following three principles: 1) Safety: the grounding resistance value is the important indicator of measuring the validity and the safety of the grounding system and identifying whether the substation grounding system meets the regulations and the requirements or not.
2) Practicability: due to the influence of surrounding terrain, geology, land acquisition, underground water source distribution and other factors, comprehensively consider the practicability of the plan and formulate the practical and feasible grounding system design plan and the resistance reduction and implementation plan.
3) Economy: on the premise of meeting the safety and the practicability, reduce the engineering cost to the great extend. Due to the characteristics of Fuzhou substation self, different implementation schemes may bring along different engineering cost.
The paper mainly considers the design process of the substation grounding system from two aspects of practicability and safety.
II. BASIC PLAN OF SUBSTATION GROUNDING SYSTEM
The land acquisition situation of Fuzhou substation is shown in Fig .1 . The land acquisition range forms the main body of the substation grounding grid.
Through calculation, after the completion of horizontal grid pavement, the grounding resistance is about 6-7 Ω roughly and is far more than the allowable value.
III. COMMON RESISTANCE REDUCTION MEASURES
There are many research on grounding in literature [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . 1) Enlarging the area of the substation grounding grid:
The grounding resistance of the substation grounding grid is in inverse proportion to the square root of the grounding grid area approximately, and the greater the area is, the lower the grounding resistance is. The effective method of reducing the grounding resistance of the substation grounding grid is to increase the area of the substation grounding grid.
2) Exterior-leading grounding: Exterior-leading grounding is a method of connecting the main substation grounding grid and the auxiliary grounding grid paved in a certain low-soil resistivity area outside the main grounding grid area so as to achieve the purpose of reducing the grounding resistance of the whole grounding International Conference on Mechatronics, Electronic, Industrial and Control Engineering (MEIC 2014) system.
3) Natural grounding: Natural grounding involves in reinforced concrete steel skeleton of the surrounding building, hydropower station water inlet trash rack, gate, water diversion pipe and soon. The natural grounding electrodes are fully utilized to reduce the grounding resistance, so that not only is the grounding resistance easy to reduce technically, but also the technical and economic benefits are better. 4) Long vertical grounding, blasting grounding and deep well grounding: If the lower low-resistivity layer exists in the soil where the grounding system is arranged, the long vertical grounding, the blasting grounding or the deep well grounding can be adopted. The low-resistivity materials are generally used in the deep well grounding to obtain lower grounding resistance. As backfill materials can absorb the moisture from the ambient environment, the grounding well can not be dry without any maintenance. A huge low-resistivity area can also be formed by a deep-hole blasting crack-pressure irrigation resistance reduction method so as to achieve the purpose of reducing the resistance.
IV. ANALYSIS ON RESISTANCE REDUCTION MEASURES POSSIBLE TO IMPLEMENT IN FUZHOU SUBSTATION

A. Exterior-leading grounding
On the premise that there is a big enough lowresistivity area for exterior leading, a feasible method of reducing the grounding resistance of the substation grounding grid is to increase the area of the substation grounding grid.
In order to conveniently illustrate, five areas, i.e. areas A, B, C, D and E are marked on the periphery of the substation, as shown in Fig .2 .
The area A is dry land on which there is a small hillside or below the hillside and is positioned in the north. It is narrower compared with the station and is not expropriated, and there is no evidence to show that a lowresistivity area may exist here.
The area B is adjacent to the county road 115, and the other side of the county road, which is far away from one side of the substation, is a forest area and a residential area.
The area C is adjacent to the site, so the connection is more convenient if the grounding grid can be expanded in this area. But, it is a forest area in which residents live.
The area D still is a hillside below which there is a small quantity of paddy fields. The paddy fields and the hillside are not expropriated.
Through comparison, the area E is easy for exterior leading, which is positioned in the gully of two hillsides, two water ponds in the gully have been dredged and filled, and the water in the gully finally flows into the mountain stream outside 300 meters. A part of area on the periphery of the gully has been expropriated; and meanwhile, the three sides of the gully are hillsides, so the transportation is not convenient, and few people live. Therefore, the area E belongs to the grey area.
But, it is necessary to point out that the stream in the area is narrow and shallow and has less water yield, and there are many rocks at the bottom of the stream, so that the area E is not suitable for large-scale pavement of the grounding grid. But, according to the design of the substation, there is a drainage ditch directly connected with the stream in the gully, so the additional cost is low if the exterior leading conductor is paved in the sludge nearby the steam along with the drainage ditch.
In addition, the access road and its two sides have been expropriated. Due to high-quality surface soil, we can firstly consider the pavement of the horizontal grid and then consider whether the deep well grounding electrodes are increased during construction or not.
Because of the above factors, above the basic grounding grid, increase and extend the exterior-leading conductors at the gully into the stream, as shown in Fig .3 . Under the situation that the resistivity difference of soil is not considered, and particularly, the resistivity difference of soil nearby the stream is not considered, the grounding resistance of the whole grounding grid is about 6 Ω through calculation.
Under the situation of considering that the resistivity of soil at the stream is lower than that in the substation, the resistivity of soil in the substation shall be equivalently treated. If the resistivity of soil at the stream is 3000 omega, on the premise that the grounding resistance of the horizontal grid in the substation is 7 Ω and is not changed, the soil resistivity is equivalent to be 5000 omega, and the grounding resistance is 5.8 Ω.
We estimate that after the above exterior leading is well done, the grounding resistance is about 5.6-6.0Ω and is about 85 percent of that of the horizontal grid.
B. Oblique grounding
Although the oblique grounding has the double effects on vertical grounding and grid expansion, it is not recommended to be used in Fuzhou ultra-high substation as the soil covered on the local surface is thin, there are many rocks under the ground, and the rock thickness exceeds 1 meter to result in that the oblique grounding electrodes can be embedded into the ground only through excavation.
But, in the backup plan, the oblique grounding electrodes can be considered to be embedded into the paddy field in the southwest direction of the site through excavation. The soil on the surface of the paddy field contains more moisture to play a certain role in reducing the resistance.
C. Vertical grounding
We consider that the vertical electrodes are increased based on proper exterior leading of the horizontal grid. Due to larger grounding grid, the vertical electrodes can not be shielded as long as they are long enough. 20 100-m long vertical electrodes are increased. After three different soil models are considered, the obtained grounding resistance is shown in Table I .
D. Deep well grounding
The reason for why the underground water affects the soil resistivity is that the underground water can be used for filling avoids in the soil, increasing the diffusion area of the soil and shortening the diffusion channel of the soil. The deep well grounding technology means the grounding electrodes made by utilizing the principle of water accumulation in the well.
We consider that the deep well grounding electrodes are increased on the basis of proper exterior leading of the horizontal grid. The deep well is considered, as shown in Fig .5 .
After three different deep wells are considered, the obtained grounding resistance is shown in Table II .
E. Blasting grounding
The blasting grounding technology means that the drilling machine is adopted to vertically drill the hole with a certain diameter and a certain depth in the ground, the grounding electrodes are inserted into the hole, then explosives are placed along the hole depth at certain spaces for blasting to crack and loosen the rocks, and finally, the pasty low-resistivity materials are pressed by the press machine into the deep hole and the cracks generated by blasting so as to achieve the purposes of communicating the inside of the rocks within a huge range through the pasty low-resistivity materials and enhancing the contact of the grounding electrodes with the soil (rocks), thereby greatly reducing the grounding resistance.
The vertical hole has a depth of 30-120 m generally. We consider that 20 80-100-m deep blasting grounding electrodes are increased in positions shown in Fig .8 and can meet the requirement for the grounding resistance limit value through calculation.
V. CONCLUSIONS
After the horizontal grid of Fuzhou substation is paved, the grounding resistance is about 6-7 Ω and is far more than the allowable value. Through considering the common resistance reduction measures, the several plans possible to implement are put forward. 1) After exterior-leading grounding is adopted in the area E nearby the substation, the grounding resistance is about 5.6-6.0 Ω and is about 85 percent of that of the horizontal grid.
2) In the southwest direction of the substation area, the oblique grounding electrodes are considered to be embedded into the paddy field through excavation.
3) With the adoption of 20 100-m long vertical grounding electrodes, the grounding resistance can be reduced to 5.3-5.6 Ω. 4) With the adoption of the deep well grounding electrodes, the resistance can be effectively reduced; with the adoption of 20 100-m deep grounding wells, the grounding resistance can be reduced to 3.6 Ω. 5) With the adoption of 80-100-m deep blasting grounding electrodes, the requirement for the grounding resistance limit value can be met. 
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